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ABSTRACT: 

PURPOSE: To provide a method of manufacturing a 
semiconductor laser, wherein a 

window structure can be formed without diffusing impurities 
at a high 
temperature . 

CONSTITUTION: An N-type lower clad layer 2, a quantum well 
structure 3 1 , an 

N-type upper clad layer 4, and an N-type contact layer 5 
are epitaxially grown 

in succession on an N-type GaAs substrate 1, and then a 
stripe-like SiN film 11 

is provided onto the contact layer 5 extending in the 
lengthwise direction of a 

laser resonator so as not to reach to the vicinities of 
both the edges of the 

laser resonator. Furthermore, an In film 12 is formed on 
the SiN film 11 and 

the contact layer 5, and then the substrate 1 is thermally 
treated so as to 

diffuse In as deep as the lower clad layer 2, whereby a 
quantum well structure 

active layer 3 inside a region 6 where In is diffused is 
disordered. 
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mm nlGaAslSUC, nST?7<xKJf 
2 . S^#Ffif3t*SffiI 3 , nS±? y «y h'Jf 4 , 

*vvgs<oxh9-fr«<OS i Nil 1 £St-K 

iNllli, &1f±m^y?7 MHSJtfc: 

i nj^i 2&Bf8.i>tzm. mxmiff\*, i 




1 

limmil ^li^GaAsSto-iiUiC. 
^lg^Alx Gal-x As (0<x<l ) T^7-y 
VM, WfccOA 1 z Gal-z As (0<z<x) a'iJJ 
J|J:#S[Xti^Aly Gal-y As (0<y<z) 

lr Gal-r As (z<r<l ) ±?9y FJB. RV& 
2ifiGaAs 3^? hSfcHI&Xh^df S'+TWS 

im$m2 ] m i rnmmo a a s g*g<o-±®±i^ 

Hl#^A lx Gal-x As (0<x<l ) 

h'Jl. ^L<OA 1 z Gal-z As (0<z<x) J^)T 

mh^mX\±WSLff)A\y Gal-y As (0<y<z) 

lr Gal-r As (z<r< 1 ) _L?7y YM, Kl/m 

wmfrt>&z> i nUMmibrnzBtfiL. *<?>m. mi n 
immjtm±, Rif±is.*y?7hm±t,zi nn&mm 

xet. 

_hiai nwfisifeagt^sig, &tf*^«i£i&*-r&xg 
M3>?? vmnixfrhix&ttFnmmmizm 

L^V^S t trn h >-£&A-*-6Xiii; „ 
±IBl^ i^'X h £Rfc*-f £XH t v 

m±.iz*ti?tim i , mzwmmzBfSL-t&iMk 
±te i nfiaftifgihutis i 02 t zmmt-t 



(2) f^M 2 8-2 7 9 64 9 

2 

mtz&\^T. 

_tsBi nvmmtz&mzi n2 03 mx-hhztz 

10 [if ff*^2tieKo^^i^— ¥<r>wmi 
mzawx. . 

±ei nws&ifcagtt^ii^^L/cf^ m\ ncoium. 
mt%z>m±.izs i 02 m&Bj&-t$>j:mt. 

02 is^s-rsxsfcs-^^^tf^fcs-^tafc-r-s 

[^^58 3 HitlGaAsitJ:. 
f£g^£ffiB£*DtS&l A 1 x Gal-x As 

(0<x<l ) T^7 7KIk. 
20 itf?7 7 KJIitcBHBSfU ISHCOA lz Gal-z A 
s (0<z<x) /N'UTJffc^ScXti^C^A ly Ga 
1-y As (0<y<z) ^X/Hi:^^^ 
if^SSSS)fi^^«iaS:ff d 4 ^S^A (In) W 

Mfi^#Ffllii^tt^±tBeS$#utm2#^A 1 r 

Gal-r As ( z<r<l ) Jh? 7 "/ h'Sk . 

i£_h? 9 >/ FJfifcrffiSSiutSI 2@^G a A s 

±m?y? ? hm±bzmw2titzm2<7> i mmt 

d I nCOfomzX*)? < X*-mtlX&*) . 

[000 13 

[0002] 

50 [ts£*(?)K{t3 mstem&n^fov-^mmzfkt 



3 

wmmx-bK). 05(a) immftu— ronum. ms 
u— ?<?>m^iifacmmmvh&. m^z^x. 1 

llnlGaAsmitt^. WZtfl. 5~2*t 
m, r/U$^*^A«j£Jtx**0. 5C0nSAlx Ga 
1-x A sT?77 H« 2 ttSfit 1 ±(Zffia$#t^, . 3 (S 

fi, f$*%10nm, T/t-S-jL^Affl^Jty^O. 
0 5—0. 15«Aly Gal-y As-!fi;H3it, 
fSI!)10nm, T/US— .x^Affljfcifczfr'O. 2~ 
0. 3 5«Alz Gal-z AsAijrl2lJr3cltS 

RXfmTmco>7xrl>mTl l zZti?tiMmZtifi:mZ%) 3 
5 n m<D_kK/<y TJli: R tfflJ&Ofttf'f KJgfc j&^S: 
4ttJ?S# s l. 5 — 2. Omiti, T/1^5-a 
^AffljfcJfcr^O. 5»plAlr Gal-r As±?7 
'/KM. 5{iJS$**0. 5~1. O^mmpIGaAs 

lOtipffljmffi, 1 5li^'j3y (Si )i£IWS«. 2 
~6 0 0jurru Wt1fi&}3 0 0 u mt'i5S „ 

[ o o o 3 ] . me urn 5 t^rt&fco^flc^- 
^zwmt&umz^-tJMmx'h*) , ewctswc. a 

h5>f7t«SiNl, 14(i7tM/y'Xh, 2 2(4 
SiJgT'&O. 2 3(4Tt?h>'&A£^LTt , >&. 

[0 0 04] £««*tf>lBB#fc*Hl6*fl|lrVC 
RUM"*. *X/vK« (EBSW) <^)nlGaAs^ 
fMHKl±fc. fi^#F^iit®3, ± 

.HJfcft J&g^*7xy\<7)BrW0£06 (a) iizm 

U ^^SiNlJA7--y/U > 06(b) fcjjitf- 

flM-T-S. i Nil 1 fc¥#flcU~ r^SM^ 
Wk &&&Sfc WORSJ42 0 u mmmt X o iz U 

^xb^'f^s i njbii mm. whu— r^ts 

SE^|6l<0^$ (4 1 - 5 ~ 5 m t ~i'^> «. 
[00 0 5] HWC, 06(c) fc5?fj:-5tc. t£S iN 
ffiSl l±RT/±Mte>??hm5±.*mol:oizS iffit 
2 2 tJBlft UfcflL 06 (d) tZnfrX 3 K9 0 0*CJSLh 
e>?SSITT~— A'fcfrlrK S iH2 2*^S i ^-riy^ 

iiT S i J£ijfcgi£ 1 5 £j£?j£-r& . -I <?) t $ , S i J£Sc 
5 F*Jt;:&£ MS 3 CO S i 3 X 1 0"cm 

- 3 mmt%&£olZ'tZ,. S i Nflgl 1 iOTnU<^) 
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4 

ffitt£(*S iBg2 2tn>'^^b®5i:^^fSS iN 

ffi&i lfctoti/c^iwe. s ijififcgjcL^^. ;or 

--*&fcfc*3SiS6IMcJ:»K ^SijfefittS^l 5 

wiBfitti: mmmt Lxmwztimmmm 

3fi?S14TO3afc3:£. 

[00 06] ~?t>'iZ^ S iI22, #t*S i NJll l£ 

10 hc i ^•y^-y^m.^m^fz^^y b^y^-y^iZ 

— y^LT. 06 (e) iZ^-tX o IZ^ ±aZS i Njll 1 

3W»jft$*iTvvt««±(c, ^ts i nii i tmt±^ 
Lx^iy?? bm 5<o±Bff*^v£ttJi3 tcai 

« 5 , tJ «tr/±^ 5 •/ FJS4 t7D h 
20 8 #7B5j££ix-& . ^^^*^«t>i^i: * "9 , 

[0007] mtklZ^ M 4 ^^*Lit?*. -=ty 

^^hJf5_h^pfflSffil O^figL. SKlflltni 
«®9 ^BlSL. ^HBfclJ: *) U— F*m$zffiffi2 0 £ 

[ o o o s ] mz. fe&n^mftu— Fcnmmz^x 

mmth. Pffll^fiil OHS^iE. nM«Si9lBltCftt^ 

zxoiznELzmat&t. *-Mtpmay?7b® 

30 5. pSLh^^-y h'®4^T«^#F*ffievS14Ji3 
^. £tim?tenm*mfcmil , nlA lGaAs^ 
7 -y 2 &^T*^#P«3tvSffi« 3 £-e*lW£A 
vSttJ!3«vgttffiJ^(3i3V^T^k^-/K7)S^ 

< Lxm&m<vwk*mt&^w±^te\s~^3m 

*^tS. ^-oh^}tA$ii^^8(i:^Dh 
8C0pMn>^^h*5, pS±^^-/He4tc{4m»fE 

[0009] WzSBIM&tz^vzmtrh. -Wilzziy 
WbT 1 **? (CD) t&Hfr? ^^a^TtiSi; L 

1 G a A s ^£7)^#: U-ifco&jzftliiflte . 

3&*«^"r&7fim*"Wfc5es*i&. i«*flfiii«i«iU'-ir 

*%jzzts:<%:&h<7)X'hh. x^x-mm^im^m 



(4 

5 

— r3££(RJK Liz < < -T Sfifii. 9 l^— !f 3B;r*f L 
liWI3#:fi^#Fffi^&&^TU6fc^ Cioi 

m&3<?>^ 4 xjt-y*mmL-cm$£tcz\^h. mi io 

07(a) te^4**-y^zm<nmFFffi*ffim&'&m3 

(W iix * x*-^ L*^a^#Ffitit*Stt« 3 or 
)V 5 - a >7 AffljfcJtcoT n7 r 4 fl* Zti^iUjk L X v > 

c o o i o ] 07 ttjv^-c. la 1 1 m-ftmm—tti 

(±fflS-f-S^$-^LTt3»5, 30, 3 1. A^3 2li 

m^ftvsi&i 3^:1^1, A'uri, mf-itm h 20 

iSU JtffltiT^-y Fif 2, *Sffil3, at^±^7>y 

/i^jg3 oota-s— A«7Affl®jt. aii j4autji3 

1 , W%334 K«3 2<7)T/P$-i«7AifflJ&lt, A 1 
3 \tf 4 ^—y^tvtd&oyW&m 3<DT)V 5 — •> A 
ffil£Jt£^ <^l> . ® 7 (a) fc^fj: 5 3:;g^#Fffi 
JtiStSyH3fclStt (Znl^'jay (S i ) ««ta=5r 

* 1 7 fc/<u rm i 8tnw-«watwv\ a 30 

7(b) fciStf-J: 3 itfDK»S#Ufe|R«l«tf5rA'S 
-.x^AjfflJfcJttfA 1 1 £A l2)fflCDA 13 fcfc-oTf 

fcfi?#F«^te®30T;l^-^Afflfi^UL A 
'J713 1 . KW3 2<7)T/I^$— jL^A*gj£ 

JtA 1 1 fcJ5{3^LUT/t^5 — jL^AfflJ^JtA 1 3fc3: 

'J7«3 1, F«3 2fc«B*U*«tt=**. i 

Mate J: 9x4 SftfcJK^FWatS 
ttJBtfgBSWWr'*:'' -y 7^*)V*?-i>K &&im 40 
3 a t St&t 4 X^-r^flT IVSr^iSttJB 3 <7)H2fr8<| 

SrAv h'^f 77x*K-j; < -r 4 

<DX 3 tcJK^FflBKSttJB 3 ^--^ilSiSSiK 2 0 
Oia^^^^ifilitfSlS 3 b i: ,1 k k 3:3 . 
[00 11] 

3g*Si§£*tf Iffcfcivttt. U— «f««» 

SSgffi 2 0 M^M?- ^FfiitvSM 3 £ S i m^Wfa 50 
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nwimzx j x*-?i,xm.fflmMM3 b zm&L 

£OS i S-JfeiSrT^xgtts^T. 900°C 

<9J£SVrfc . 900" Cl^JLhT 1 OBWXh^T— 
£fir=S: 3 d T 1 . 5 mfiUicO&[iXgl&£ #f#^ix& . 
[00 12] L*»L,**«fev £*>J:355rr-— /HMt-? 

S i Srfi&g5t§^:Tx^X5}--yLJ:ai:-rsm 
^UWh^lS^fi^#Fvi§tt®3. BP*>vS14^3 aco 
* : P#FfltJt*Stt^3C0T/l^S-A'7A (Al)WJ 
^A (Ga) fcVv,fcWj£jc£j8«»i^U *iF#Fflt 
5@Mtt/i3^^rS^X/^3 0tAiJ7i3 1 £3£ 
*H h'«3 2|g|0)#JIWOS*Hfc^*W , U 

MTH*^=5r^*i-ftT#F<fljSvS1±«i&W^S^ 

mifcu—rt Lx<7)m.titcm z mm t mL<gtt.-t&t 

t0O13]Jfc. Si ^o^JsfiiBjcofifcUciOlgWi. T 
2, AX/I.??", KJ! 4|^93-#fl5#. dOHW^h 

-& v »«$8ttJf 33&*<liOK -^n">- h <?>&WAz tt^tf 

[00 14] §^>t-, T^7"/PI2<0niH-A-yh 
5 -y Hii4 ^*Tt£tJt Lfv: 0 , ±^ 9 y HS4 O 
PIK-Ay hj&fT^ 5 >y HJB 2 K*T«3SI[Lfc 0 L 
T . P n^^^#FvStt® 3 a^gfch-JtJi? ^ y H 
MA. hhWiTr^-y \ t m2.Wzffi&Li$ix2> , ^t>^> 

V— f*m&m<tLXL£ t^o 

wmtfifoitz. mzpm}*-'syhtLxj:<m^t>ti 

•2>a»!8 (Zn) teGaAs&SV^AA 1 GaAs(f)W 

[0015] z.(Dwm±m<7>x tv&mM&mmt* 

3 i k * < »fffifi»XM»-« £ t ox-* h*mw\s 
[0016]4fc. i«»«l4±E»J: d*WBHiSi*ll 

[00 1 7] 

~r*m&im&* » 1 ^mMG a a s ^k<t)-±h± 

fc. S51^fl3?A 1 x Gal-x As (0<x<l ) 

y -y K^, ^ifc^A 1 z G al-z As ( x< z < 0 ) A 

UTHfc#»X»*«*tf>Aly Gal-y As (0<y< 
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MA 1 r G al-r As ( z < r < 1 ) ±? =/ <y h-'Jf , & 

[0018] &fz. z cowfuzm & ymfois—mmM 

^MA lx Gal-x As (0<x<l ) r-'Jf . 

MWAhGaHAs (0<z<x) A'ljrit* 
iCXtiliSCOA 1 y G al-yA s ( 0 < y < z ) >>X;W 

®tfr^*&m?#Fffims&m, m2mmnA 1 r c 

al-r As (z<r<l)i?77Kf, &l>'352^« 

mm&m^x i n£T7?v vmizm-r&mz&x'tffi. 

im&TJXX-yL. S&fc, _hiBl n<9i£flfcigci:$r 

«_B£**i«tfl 1 . » 2 iom^S-^-T-l. «fc o lz Lfz 
[00 19] ifc. ±8E^f*cl^-1fOl8e*t6fc*JV^ 

[0020] ±E 3 m»#i'-if^iBe*ifefc*sv^ 

t,±El nJ£ffcG6irJl£ S i 02Jg£k LfciOYife 
h. 

[0021] JJB^flcU-lfwWSJErffifctiV^ 
±EI n«fi£BiBfc ! flr*R*' I nit UtOT* 

S. 

[0022]*it. JJB¥3lflsi'— F«o«3I#8*:*5V* 
T. JbfBI n<^itlKBfc**«l^I n2 03 RkLfci. 

<r>x-fo%>. 

[ o o 2 3 3 JJE^*i'-ir««Si#S*:iJv> 

ffil!W4:«r4«±fcs i 02 ■t*JBdW4l|Ifc. ±12 
JH'#F«KSiStt«*'r^^-^Lfc«, Ms i 02 
W&mik1r *ig fc £ $ & te-£tf *> OT* & . 
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1 mmmo aAsi«t« - «as«j:fci«s*i*:* 1 

m9MA 1 x Gal-x As (0<x<l ) T^v v KJI 
fc, £«0T?9-yFJi±fciJiISft., ItStOAlz Ga 
1-z As (0<z<x) /N'UT^k^ifcXti^tOA 1 
y Gal-y As (0<y<z) *7X.f\smtfrh1t*) , 
OI^-^l^^Ej£^MaS:#0^>^A ( I 

#lfc^2#HMAlr Gal-r As (z<r<l ) ±? 

10 7 7h'ifc, £^±?9vNi±teS»3iifcS52** 

MGaAsn^^r-JIfc. ±IB««[0-^®kR^M 

[0025] iwmwis— nz&^x . ±e» 

tzm&<r> o ^^-^r^mwfi^zmfh m^mo* 
h?4y^co&&m£wy?)Mmi)K mmzwo i n 

[0026] 

[#ffl] £<0W«fc4JV^tt. ilf^GaAslS 
CO — ±H_h("s Sli^Alx Gal-x As (0<x 
<1 ) T^ yb'Jf. im.<F>A\z GaH As (0< 

Z <x) )^yrm>i^mx\tw^)A\y Gai- y as 

< 0 <y < z ) ?x^«fc;fr&«r*M79fFfiH£ii!!tt 

if, SS2#f^Alr Gal-r As (z<r<l ) ±^ 
5 7h*f, atXm2#mMGaAsn^^^ hJf^WR^ 

-<X*-rS**J:p(cUfc3&»6. eoO'CSjKOte^ 
iag-C 1 n w-if*iS^sg®ig{f ovSttffl 

£r 4 z t . mmtzk&^mmcow: 

[0 0 27] &tz. ^^BJttJMTti. l^l^G 
aAsli(D-±Iit. Ili^Alx Gal-x A 
s (0<x<l > T^5>/ M®Alz Gal-z 
40 As (0<z<x) AUrSk«ScXm8R<0Aly G 
al-y As (0<y<z) <>X^Jfk]^^SA7#F 
^itvSttJl. a§2#mMAlr Gal-r As (z<r< 
M'^23tiGaAsay^? h 

wh7^7t« 1 n<?>mii*mskt&ttmfrh%%> i 



9 

[00 28] iKOWHfcfcWCtt* ±IEI nfi£U[ 

Srff Kt o Z fc «r < mmZ&f&t & Z k h . 

[00 29] ifc. £«03Wil!te*JVvCt±. ±EI nftft 
RfcirJISrS i 02 KkUfc*»6* ie&ti&^&Mg; 
ftfcfrfc 3 Z k =Sr < J&fc-T 6 £ k & . 

[00 30] itz. ZCDfiffllZ&^Xte. ±IBI nOS 

nmz'fr* ozt %<m.tm*Bf$?r& z t s . 

[0031] £<OWfl(C*SVvCtt» JJJI nOS£ 

USBfc'fifiJR*' I n2 03 Rk Lfc*>&. 3^? hM 

[0032]ifc, £<0%Bl(C&Vvttt % _hl>I nOtt 

izs i 02 m^mm-hTMh. ±sa?mFm&m. 

i^fU^-^L^ IS102 fi^Bk&r&Xig 

[0 0 3 3] £0>SMJi(C*SVvCtt, ili^SG 

a As g«tfc , ; <^««LL£Iiig£*l*:Sf5 1 Sg^S A 1 
x Gal-x As ( 0<x<l ) T?^-y KJlk , £<9T 
?9 y FfLhfcEilSfU JggfcOA 1 z Gal-z A s 

(0<z<x) ^'J7ii:4aXOi»«)Aly Gal- 
y As (0<y<z) ^x/PJffc *9 - If 

^Bmmsm^mm^o^ yssv* (in)« 

flHcfc Of^ X*-^£*lfc«^£^6fi^#F«iS 
YStt® k . i WJl^FflBKStt«±teiM»*utlB 2 

S^SJA 1 r Gal-r As ( z < r < 1 ) ±^5? h'Jf 
fc . Z <?>_k7 9 H »-hfcE« Sfufc* 2 mWMG a A 
sa^jJ'MBfc 6 0 0*OfS^><Bjoig 

are i n £j£fa$-£T i^-r2gBSMffiflfcoige»fc 

&tf 3r d - fc =flr < tgm&*JBl£?& ZktfTZZ. 
[00 34] itfJSMHtefcwett. ±ffifi^#F 

^vStt^tWh^^'. JftWH^ff -5 1 n<vt&mz 
J: Of* -f x^-r 3*iT*s 0 , ±ffB±? 5> >y Kl«± 
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1 0 

fcLfc*»6» 6 0 O*caflE«0«^iaatC I n SrtSliS-^ 
[0035] 

—rnmmz^-tmmm < 0 1 (a» , avig iw«i 

- I mz i «PriBH ( H 1 (b) ) . fln*>U-if ftiHlft^ 

ffl(£Jtx*>*0. 5»nlAlxGal-xAsT^77H 
M 2 ii2&|g 1 ±tcBIS S*LS . 3 Jifi^#F^itvSfllJI 
T'fc 0 . p[*^#F«JS«1ta 3 ti. J¥$^'*«j 1 0 n 
m, i^Afflj^lfcy^O. 0 5—0. 1 5«A 

Iy Gal-y As>?xyH3lJ: 1 J5£i&l Onm. T 
^S^jL^Affi^Jtz^O. 2~0. 35«AlzGa 

i-z As^ur»2Jifr2flaw«Jitfc5JMiafc. ^ 

20 T^^-^-fixES^iX^Jf §^73 5 n m*>±.K/*)) TJB 
bfflim&LcrrfttfJ HJIfc 36*^*4. 4/«r. 4{±^$t^' 
1. 5—2. 0/iin, -a-^ASiffcJt r*«0. 5 

COpf A 1 r Gal-r Asi^^vHE 5(i)S$3& s 
0. 5—1. 0/im«plGaAs3y^^hl. 8{± 
7l3h>^EA.fB«, 9{±nffl|lffi. lOtipfflIB®. 6 
(±>f (In) ttflMHtt. 2 Otil^-ifi^ilSSg 

3 bfcH8ttJB3«l^-irftt«BMBM2 OWjg^tC^^ 

30 0^c# $14. ^SHII^rm^S^S 00—60 0/JL 

[ o o 3 6 ] * f&2i&&tffl<aBi i ^Sflci^-if 
os^*&^^-rx^ia-cfc o . Httsv^r . a 1 1 m 

-flr^ttH— JWiffla^ad-^^L. 1 1 (4 S i N 
flt. 14{47*M^v-'Xh, 12(ilnl, 2 3J4TO 

[0 0 37]<K(dBft*»tCo^TBKW*. 

X/vK® (H*tirf) «nIGaAs^*ffiSll 
(C % nlAlx Gal-x AsT?7 7KI2, S^#F 
40 fit^vSttB 3 . pSA lrGal-rAsi?77 FJB 
4. plGaAsay^ M5^xtn v-^/1«h b h 

Jt*^«^ffl)^^ (MOCVD) **V^44J«X 
f^df^fe (MBE) jW([LTV»*. jft^»W>X/\« 
RB9B9^H2(a) (Cia^. 
[00 38] mz. ±ICp^rJV^^hJ15 

P&lzJ: ->T,12 (b) (c^f J: 3 fcru-if ASHttRif k 

50 4Xh5-f T«C0S i Nil lSrffM^. <1<^S iN 



1 1 

II Ui.Mz.lf7'7X~?CVDmiz£->Xf£mZtiX^ 
h. S i NI 1 1 «g§i: Ltli3 O n m-2 0 0 nm 

[0039] &fcl|2ES iNlll ^±123^ 

*U.,> &fz I nil 2?)IJ?{±1 0nm-200nm« 
&B#i83T';f>3 ♦ I nil 2^^«0^^<7)|SiHia 

£H2(c) ic^-r. 

[0 0 4 0]«fcvc. I nil 2£j£IUt&. *7Xy\ 
£T--;HSF#fcAftTg&J£3£?r3 . I n«6 0 o • 

goias^fK', 02(d) (c*^-j:3tc. 3y?7hm 

5 0)$mfrt>T? =7 >y HJB 2 fc»r 6 4TIn £6£h*£ 
itX I ntfeStM«6^^TS. ^COBS. I nffiftffitt 

6 #F*S14 B 3 -Ct±l^*!H^ tt^T^In Wifeii 

/g3<0/^h'^>yTx*/l^-,fci9<>;*;£<2:&. i 
SmiB&ffmfHtfcP. vStt®30x-fX*-^$itT 

MLX" *" fcLT«MW-*«««MR«3b4:«:*. 

[ 0 0 4 1 ] I ntf5fi£ifc^£liT^-/W^t± 

^Ttl««C§!1irc&*fc0re*>K 08tCGaAstfW 

nliS i Nil l^^tSil^VW, Xh7>(7« 

os i Nil i*>T»fc*±i nUJMkS*i«ri\ 

x\ *mmmz&^xte. m®M3<vi nvMnmaufi 

5X1 0"cm-*J2LLfci3r*J:3lci n Srfifcgf S-tf^, i 
fcjWffiU^. Si Nil lfcfflufcffcbOfc:. 

[0 0 4 2] gftvCI nfcjfi»*-ltfc«. I nKl 2S, 
^SiNHlliHC l^lyfy/lfjffll^^l 

J;oT . H2 (e) fc^cf J; atSiNKii jWISSSfi 
TV^««fcLhJES i Nil i i: sera 
a»*rtifc:#tx*^ b 1 4 £ffM 

±Jjfrt>±7 5 -y H«4 Wteff 4 0 , vSttii 3 &jg L=Sr 
v«8 4t»4xi 0 19 cm- 3 <7)}@JKk'5r«»J;'P7-ah 



(7) fSHi?¥8-2 7 964 9 
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ttiLT-wrmtLxim-fz. 
[0043] BMzvxjwziy?? hmmizpmmm 

10fc. GaAsiilMI:nHtS9Mf|fiL >>x 

ffl LT-*T<9 1— if ftMSiffl 2 0 LT 

[0044] *m&Mi<o¥mfau--fi,z&^xte. i 

nfi£f^«6^vStt«3(±^J9ia^fflt^I nOi£i* 
t J: 9-r 4 ^-^SftTV^fcto. JtJg L*:{£#<0& 
io wtrfev^Titt^Lstiatc. ^ovSttJ13Noi nfifcts: 

3 aW\*y K^-V 77X*Wf-j: 0 t>** <£oTV"> 

SffJHii2 0$£aafftttiL r*£«WRL>fl:^«» 

itfBi£3bk3:S. *£tt®3«. vS1±«^3atC 

StLT l^—TiaB»S*|ftIfc *IPfcfrftfc*sirVCBtl#*- 

[0045] *mmi tz&^xit. rnffimz 
{is i msct it^x 2 0 0- ceLhffiw^T-— n«flrc 

3 aC0M^#Ffil^§ttB3O'7Ji/l'Jik>'N' , J TJB. S 

30 [0046] 4fc, I^St^. «l»r--*«ircKIJcS 
■£Z>Zt&T2&(DX\ niT^7 7l ; I2 < MpI 
±^^-y KJf4fc-eil'efL-^4ilTU^n®, &^pI 

<oF-;*>h<7>m!it:mzzitiz<^fcib. im<o¥m 

*P-1f » J: a IC. *SttM$3 a OjgttS 3 (Cfcftl. . 
V-nyh<W&mzi. SvS1tS3 fc nlT^ 5 y b*^ 
2 , &tf p ILh^ 5 -y h*B4 1 efimn&Ke&tiStt. 

mitm 3 <Di&mm3 a.*? < **-y**ix l* 

40 -th yt-hy-vy^yg >C0$t±$:ffi<'Z 1 . 

[0047] SfetC. flaKO^*^— yfcfcl^TIi, 
]Il-V«iT**GaAs5R«iNlflcU—1ffc:»U'C. IV 
^TC^Tfc^ S i fciSK3-ti-0>fcfc*>. S i 3&<^i+: 

t. o tzib. itfDfifflJrti«*«XS07 , o h yWcAlz J: 0 

If'Jfc I nlJGaAs tf*(7)G a k 1^1 t-Il I ^MT-T'S>€»Jt 
50 to. s icoJ:d^K-^N 0 >-bk^r^^^fi£ii[S-li:-l»^ 



1 3 

[0048] £Lt?>X 3 fcr^HSgflJ 1 fc i*U±\ I n £ 

f zamffim 2 0 iesw>jfrp ftpmrnnmm 3 ti* 
6 0 ccgjgwtsjgt-v— f#9m$sffi2 oj&mco 

ffltM 3$rx-y^^-r-r^^i:A { T'#, ^fS^J:^ 
IsgBjOjfciifciTft o i fc * < 8fltit£#J&*-& i fc tfT 
§ . W»Hft¥»ttl'--1* I £ - fc ***** Z>W8k 

[0049] mmmz . M3i,t^mmm2.<Dmm^ 

telSVvc, 1 9UtI n2 03 RT'£>6. #HS&0«2{;1± 
K»l*>5iaifWfc*jVVC. I nMHKS-fcfcfci&fclffllf* 
tlnll 2C0fth*)i,Zl n2 03 Ml 9^Si3 

[0050] iJJSSJtWl fcfi^Tli. I ni£ifc7>J£ffc 
MtLX. 3y??hJB5±.tzi&l8.2iifcl nil 2£ 

«JflRfcfTft3Rfc. »I nRl 2***JrC. St® 

^-r^tt^&s* zcmmm^&k. inRi2o 

3 ? h if 5 a»T'0#ffi*q^-k ft 0* I n JSft 
I nil 2#*fre;^Lfcffi»&^mfrft 

«^*#j^*fc»«x*x:*-r*s§e»3 

l*W>I ntS»B«6t*Jl^%--(Cfffta;t36« , C&ft 
[0051] *HJ6CT2Jic:^J: 3ftnMWt*Jlfifc^* 

ismztswc* 02(c) t^Lfc. ^s?7\-ms%m 

fcl nRl 2fcJEMW-4Ig*>ft*>9fc:, H3(C3jr^-J: 
n2 03 Ml 9 £j^fc-$-6X1S£JBU& iatL 
fctWTJb*. *^W2«±5(ci nJHBBRfcLTi 
n2 03 Rl 9Jffl^Si, I nDRfl&tfi I nRl 2 

i vfrnizzzfex-mmzK < . #-;wr ■/ t<f> x a ft3S 

[0 0 52] ^<OJ:-3t^|jMS0i2t:J:iUf. infw 
tfrtbOt, I n2 03 Rl gSrrjy?? bJf5, i>J:tf 

5 i Nil lJtfcJ&fcU £*L«:ffllfVC I ntfifaS-tf: 

6 j: a iz Ltztrh. ammm^m-^wmmmmiz 

W-ft#Hf*ft<LT, t£^^J^ft^#F^itvS 
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[0053] mm.M3 . m4\t^m(Dm3<r)mmm^z 

SSI^ifilkSlttftHtciSBrlfST^O. miz&u 
X. 1 3tiS i 02 

[0 054] JJESOt«ltfcV^Tt±. lnZiffiimt 
*fcft*>T— -A'fcfrftdRfc* 0 OX^Lh 

3>-?? Wg5<7>#m**).g.GaAs 
|&At*6 0 OXm^JRfcS §*U> kflfcift (As)*! 
eA«*»A»fe«6jttTV»S „ WIEit*** t-T 3 . z\co 

io iaftSM^-^^-r-sk. Mitiwsjaaw-ix 

gfciitvt.. x^f? hM5±.tzi'5sZ.b£ISt.trzz.tL 

h z. t \iz£ *) . m^ffi^^nm^j}^^ iz < < ft 

[0055] *SUfe#l3{i. iWi^I n{£|5cl^^ 

^■rs a s gctt^R&±-r-s imrn&M 1^02 

(c) tSSLfcl nil 2£jgj£-r£HS<7)f£. I nRl 
2±tA s mf&m±X'Z SSi02ll3 &f&Hfi>£. 
20 -5 1 U ilEUKWI 1 fc l^«^Xgfc i "9 I n 

^S£»S-tf-*J:3fc:Lfct»WC*9. ^«0SiO2|gl 
3fc»iaW*£i:fcJ:»K ^Si02ll3*«Ast 

tt«tfc(t ft * i fc fc J: "J . 3>77hm5 co$m 
"Tigkft-S. ft^. icos i 02 HI 3(i. ±fei njfe 

ttnswfiMi. y-yMmzm^&z-tizx'oztizmg, 

30 [0056] i«oJ;3tc*|liS0iJ3^J:n«. I nRl 
2±fcSi02Rl3fcJE»«Lfc«, I n£f£8t£-£T 
JH^FflOKSttR 3&f^ x^-r-TI. «fc -5 te Lfeft* 
. 1 nfigitniSicfctts 3y^? h®<o^M*^tfOA 
s mfZffiik LX a >- * ? b ® 5 nmWMti Zffi <Z t 
ifiX'^Z,. 

[0057] ft±>\ *mm.W3 a. ±ie^sfi^j 1 co^m 

Ws^nW&imztS^X , I nJKX^S i 02 RS 

W2^N»*U'-1f«)RJt*afc:*JV>*C. I n2 03 I 
40 ±tcs i 02 RS-BfiKLt. I n««l«fc:*stt-*As 
fttttl»±i-&J:atLTfcJ:<. i«J:5ft*><ofcb 

v^t t±tantfi<5ij3 k Ra&os&sfciws . 

[0058] ifc. JJSIiWl — 3«. vS-ffiMOStt 
««BW^)iBI*±:«> a > 7 7 h m . MS ±7 v -y H »*> 

ibu—flz^XTpLtitf. aK»^B»i. 'JyS^WBfitir 

t®fflT'&.g.tiOT'^0, i^)i3ftt>tf)fe:4st»Tfc. 
tfftffi^Bp^tc I n Zfmmiz X OfiSiJt^iirT 

50 sFFffimmffiGmtT < - 1 izx o± 
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[00 59] 

v$m<mm m^co^oizzcommz^tm. mm 

G a A s W&.<r>- ±H±tC , m 1 mmMA 1 x G a l-x 
As (0<x<l ) T??-y FJf, ItStWAlz Gal- 
z As (0<z<x) sVJTmtimXltmLCOA ly 
Gal-y As (0<y<z) ^X/I^ffc A^^r^M^# 
PffiitvSftif, g2^HAlr Gal-r As (z<r 
<l)±?77l ; I, MS2#liGaAs3y^? 

mm*? < x*-rZlt&£?bzLtzfre>. 6 0 0°C 

gjgoffiv^-c i n zwmzitx is~?23mmmi& 
T-mmvtmzfi %o z t%<mimzBj$ttz ztv 

[ 0 0 6 0 ] *fc . i<05BWt , *i»Bfc3rf-s 

«0§gi&;frj£fcr V *T , 35 1 iflG a A s 
3BR<n—±JSUctZ. 1 ^ISMA 1 x G al-x A s ( 0 
<x<l ) T?7>y r-'Jl, W&.<F>A ]z Gal-z As 

<o<z<x) rtVTmt&mxiiimnA i y Gai- 

y As (0<y<z) ^x/I^gfc^&£4^#F«i§ 
JgttJl, ^2^1SA lr Gal-r As (z<r<l ) 
±77v\ i m, RXf m2mmMG a. As ay? ? Y-m& 

l^l^ — F£MSIrfk~ffliBi i: & & ~H$&zWlt Z> ,. is—Tim 

fHftihJRfcJBlftU t£l n&MgirJLh, 

±iarr y?9 hJg±(c I n^fiJMfcftSilfc^jfcU 
IS I nWi^Wfc**l8^fe«MaBltfflV^ I n£T? 

tdmmnii^ttpfflm'm**? * 

i -5 1£ Lfc*W->» 6 0 0*CBflW>«ti8Urc I n £J£ffc 
Sit . iSiSfc: i *^F«!fte5Ktt*ff * d i t =St 

[0061] i«05ffiBfcJ:<ilf . JJBI nJfflWW 
ihBtfc S i Nlfc Lfc0»<>. ^£J:&7teNt0ffiffc£ 

[0062]4fc. «r«0«flfc:J:*Uf. ±IB I nf£fifcR& 
jkJKfc S i 02 Hi: Lfc*»fe , KB(^ J: *TO6*W>SRIJ* 
£fir3r p d fc 3r< 8flKfi£J£?j&-*- h Z t **CS , MR 

[0 0 6 3] ifc. i<05KB(cJ:*itr v _h!Bl n<r>WM 



(9) ^fiT8-2 7 9 64 9 

1 6 

[ 0 0 6 4 ] 4fc. i^fMBfcJ: Wf . JUE I nO&iifc 
®fc3:£JBI£ I n2 03 Jgfc 3>-;5>? htm 

mt^n^wmmzm-fh 1 nitft^^'Sr^*** 

10 [0065] 4fc, itf5»WfcJ:Wjf. ±12 I nc0j£|J[ 
*fc*ftK*Jtt«Lfc«. IS I n<0Kft«t**IIB±t 

S i 02 iKfcJlM^&Ilifc. ±IBM^#Ffilitvg1<yi 
^x^x^-^L^f*. f£S i 02 M^i^fe-r-SX^t 

* ? hil^ffij&^cOA s mi*Bitt & i i: jfi^CS S3S 

[00 66] ifc. ^w^ng^ifLtf. ymftu-^z 
tJV^T. Sgl^^SGaAs^i:. ^<0««Lh^iEB 
^itJtmi i^A 1 x G al-x As ( 0 < x< 1 ) T 

Alz Gal-z As ( 0 < z <x ) fc#^Xti 
M»Aly Gal-y As (0<y<z) ^X7UJBfc*» 

(in) <0S£iS[tcJ: 0-r ^ x^-rStufeWK*- 

±.t,ZMmZtlfz&2mWmA lr Gal-r As (z<r 
< 1 ) ±^ 5 >/ FJft » - wJi? 5 -y HJf ±{=£S$it 
fc»2«aGaAs3^^Mli:tf£fcllKfcL 

Jfc0»fc. 6 0 O'GgJgCTJteV^ia^T I n §-^TI^ 
30 -if J^S^Sgffiittfi^vStt® Srx Zbtf 

[00 67] 4stv i«»!Bfc:J:3hlfs ±IBMT#rFfii 

40 rnh^QiA^ix-C^ffiCL-fb^tLrt^^i: t 
, 6 0 O'CgJ&affitijlft'C I n 

[laffi^fSm^UiBJi] 

[Hi] z <Dwmm i ^)«t«fc ± &^«m»cu— r 

[02] £ a&smto l ^SIM^Jtci 

50 nmkij&z^-tTMm~e$>&. 
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[05 j fi&fccD^ffcu—- ro«ig^^-T0-c* s . 
[07] m^^^m^u-^^s.^rmmo^ ^ 

[08] ^WllHBo^lcollS&M^J:!.^^^— f 
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1 8 

1 nlGaAs4^fl€S. 2 nlA 1 x Gal-x 
A s (x=0. 5) 9 >v h'il. 3 a^#P«J&S§1tii. 
3a 3b ttflBftffiJK. 4 plAlrG 

al-r As(r=0.5) ±?7'yKI, 5 plGaAs3 

>-??vm. 6 4 v^AffiifcfftJL 8 robva 

AftUL 9 nMti. 10 pfiB^ffi. 11 SiN 
E 12 Inl, 13 Si02jg. 14 ~7*YV 
y'Xh, 1 5 S i&gfcfflL 19 I n2 03 JUL 2 

io o r^asawiB. 22 siil 23 roh>- 

3 0 Aly Gal-y A s <y=0.05)»7X;lJg v 3 
1 A I z G al-z A s (z=0. 2—0. 35) Ky . 3 2 
A 1 z Gal-zA s (z=0.2~-0.35) Xtf-i HJf. 



[01] 



[02] 




1 : rtS2GaAs¥3tt*&|6 

2 : n2g»AbcGai-xAs(x=0.5)T? ^ v KJH 

4 : p^AlrGai-rAs{r=o.5} Ji? 7 v KB 

5 : pMGaAs n > £ ? KJg 



6: IrtKfltfBii 
8: h>£A3i« 
9:nttm 
10 : i 




11 :SiNR 
12: Injg 

14 : * h7-f7K 
23 : f P h 
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